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1
$\Omega\subset \mathbb{R}^{3}$




$A( \mathrm{x}, \partial_{\mathrm{x}})\mathrm{u}=\sum_{i,j=1:}^{3}\partial_{x}(a_{ij}(\mathrm{x})\partial_{x_{j}}\mathrm{u})_{\text{ }}N(\mathrm{x}, \partial_{\mathrm{x}})\mathrm{u}=\sum_{ii=1}^{3}\nu_{i}a_{\dot{*}j}(\mathrm{x})\partial_{x_{\mathrm{j}}}\mathrm{u}|_{\partial\Omega}$ (
$\nu={}^{t}(\nu_{1}, \nu_{2}, \nu_{3})$ $\partial\Omega$ ) $a_{ij}(\mathrm{x})(3\cross 3$
) (p, q) aipjq(x)
aipjq(x) 3 $\cross$ 3
$a_{i\mathrm{p}jq}(\mathrm{x})=\lambda(\mathrm{x})\delta_{ip}\delta_{jq}+\mu(\mathrm{x})(\delta_{*j}.\delta_{\mathrm{p}q}+\delta_{iq}\delta_{jp})$.




$\inf\rho(\mathrm{x})>0$ , $\inf(\lambda(\mathrm{x})+2\mu(\mathrm{x})/3)>0$ , $\inf\mu(\mathrm{x})>0$ .
$\mathrm{x}\in\Omega$ $\mathrm{x}\in\Omega$ $\mathrm{x}\epsilon\Omega$
$>0,$ $\rho_{0},$ $\lambda_{0},$ $\mu_{0}\in \mathbb{R}$
$\partial\Omega\cap(B_{R_{0}})^{c}=\partial \mathbb{R}_{+}^{3}\cap(B_{R_{\mathrm{O}}})^{\mathrm{c}}$ ,
$\rho(x)=\rho_{0},$ $\lambda(\mathrm{x})=\lambda_{0},$ $\mu(\mathrm{x})=\mu_{0}$ $(^{\forall}\mathrm{x}\in(B_{R_{\mathrm{O}}})^{\mathrm{c}})$
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$B_{R_{0}}=\{x\in \mathbb{R}^{3};|\mathrm{x}|<R_{0}\},$ $\mathbb{R}_{+}^{3}=\{\mathrm{x}\in \mathbb{R}_{+}^{3};$ $\mathrm{x}=$
${}^{t}(x_{1}, x_{2}, x_{3}),$ $x_{3}\geq 0\}$
$\circ$
$\rho(\mathrm{x}),$ $\lambda(\mathrm{x}),$ $\mu(\mathrm{x})$
$\rho 0,$ $\lambda 0,$ $\mu_{0}$
$A(\mathrm{x}, \partial_{\mathrm{x}}),$ $N(\mathrm{x}, \partial_{\mathrm{x}})$ $(\partial_{\mathrm{x}})_{\text{ }}$ $N_{0}(\partial_{\mathrm{x}})$
(11) $\Omega$ $\mathbb{R}_{+}^{3}$ $A(x, \partial_{\mathrm{x}})$ ,
$N(\mathrm{x}, \partial_{\mathrm{x}})$ $(\partial_{\mathrm{x}})$ , $N_{0}(\partial_{\mathrm{x}})$ (1.1)
Wilcox [13] Lax-Phillips [6]
2 Lax-Phillips











Majda [8] \mbox{\boldmath $\omega$} \mbox{\boldmath $\delta$}( x. \mbox{\boldmath $\omega$})
(\S 5, 52 (2) )




outgoing( incoming) condition (1.1)
outgoing( incoming) condition
–










[2] ) \S 5
Lax and Phillips [6], [7]
2
$\mathrm{f}\sim={}^{t}(\mathrm{f}_{1}, \mathrm{f}_{2})$ (1.1) $\mathrm{u}(t, \mathrm{x})$ $U(t)$ $U(t)\mathrm{f}\sim=$
${}^{t}(\mathrm{u}(t, x),$ $\partial_{t}\mathrm{u}(t, \mathrm{x}))$
$\{U(\theta)\}_{t\in \mathrm{R}}$ $H$ unitary
$H=\dot{H}^{1}(\Omega)\cross L^{2}(\Omega)$
$( \mathrm{f}\tilde{\mathrm{g}})_{H}\sim,=\frac{1}{2}\int_{\Omega}\{\sum_{i,j=1}^{3}(a_{\dot{\iota}j}(\mathrm{x})\partial_{x_{j}}\mathrm{f}_{1}(\mathrm{x}), \partial_{x_{i}}\mathrm{g}_{1}(\mathrm{x}))_{\mathbb{C}^{S}}+\rho(\mathrm{x})(\mathrm{f}_{2}(\mathrm{x}), \mathrm{g}_{2}(x))_{\mathbb{C}^{3}}\}dx$ ,
$(^{\forall_{\mathrm{f}={}^{t}(\mathrm{f}_{1},\mathrm{f}_{2})}^{\sim}}, \forall_{\vec{\mathrm{g}}}={}^{t}(\mathrm{g}_{1}, \mathrm{g}_{2})\in H)$
Hilbert $\dot{H}^{m}(\Omega)=\{\mathrm{v}\in H_{lo\mathrm{c}}^{m}(\Omega);\partial_{\mathrm{x}}^{\alpha}\mathrm{v}\in L^{2}(\Omega)$ $(1\leq|^{\forall}\alpha|\leq$
$m),$ $\lim_{rarrow\infty}r^{-2}\int_{\mathrm{r}\leq|\mathrm{x}|\leq 2f}|\mathrm{v}(\mathrm{x})|^{2}dx=0\}(m\in \mathrm{N}\cup\{0\})$ $\{U(t)\}_{t\in \mathrm{R}}$
$L$
$L\mathrm{f}={}^{t}(\mathrm{f}_{2}, (\rho(\mathrm{x}))^{-1}A(\mathrm{x},\partial_{\mathrm{x}})\mathrm{f}_{1})arrow$ $\mathrm{f}\in D(L)=\dot{H}^{2}(\Omega)\cross H^{1}(\Omega)arrow$
$\dot{H}_{N}^{2}(\Omega)=\{\mathrm{v}\in\dot{H}^{2}(\Omega);N(x, \partial_{\mathrm{x}})\mathrm{v}|_{\partial\Omega}=0\}$ $H^{m}(\Omega)$
Sobolev Hilbert HH0 unitary
$\{U_{0}(t)\}_{t\in \mathrm{R}}$
$\{U_{0}(t)\}$ $T_{0}$ $B(H_{0}, L^{2}(\mathbb{R};L^{2}(S_{\alpha}^{2})))$ 5
$T_{0,\alpha}(\alpha\in\Lambda=\{P, SV, SVO, SH, R\})$ $T_{0}={}^{t}(T_{0,P},$ $T_{0,SV},$ $T_{0,SVO}$ ,
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$T_{0,SH},$ $T_{0,R})$ $S_{P}^{2}=S_{SH}^{2}=S_{+}^{\mathit{2}}=\{\omega={}^{t}(\omega’, \omega_{3})\in S^{2} ; \omega_{3}\geq 0\}$ ,
$S_{SV}^{2}=\{\omega\in S_{+}^{\mathit{2}}$ ; $| \omega’|\leq\frac{c}{c}\mathrm{a}_{\}}P’ S_{SVO}^{2}=\{\omega\in S_{+}^{2} ; |\omega’|\geq A^{c}c_{P}. \},$ $S_{R}^{\mathit{2}}=\{\zeta\in R^{2} ; |\zeta|=1\}$
$B(X, Y)$ Banach $X,$ $\mathrm{Y}$ $X$ $Y$
$c_{P}=\sqrt{\rho_{0}^{-1}(\lambda_{0}+2\mu_{0})},$ $c_{S}=\sqrt{\rho_{0}^{-1}\mu_{0}}$
$N=\oplus_{\alpha\in\Lambda}L^{\mathit{2}}(S_{\alpha}^{\mathit{2}})$ $\text{ }2^{-1}(2\pi)^{-1}T_{0}\in B(H_{0}, L^{\mathit{2}}(\mathbb{R};N))$ unitary
$T_{0}$ $||\tau_{0^{\mathrm{f}||_{L^{2}(\mathrm{R};N)}^{2}=4(2\pi)^{2}||\mathrm{f}||_{H_{0}}^{2}}}^{arrow}\sim(^{\forall}\mathrm{f}\in H_{0})$
$T_{0}(U_{0}(t)\mathrm{f})(s)\sim=\tau_{0^{\mathrm{f}(s-t)}}^{arrow}$ $(^{\forall}t\in \mathbb{R}^{\forall_{\mathrm{f}}^{arrow}},\in H_{0})$
T0 (t) L2(R;N) {U0(t)}
($T_{0}$ [3] )
(1.1) $T^{\pm}$ : $Harrow L^{2}(\mathbb{R};N)$ $T^{\pm}=T_{0}W_{\pm}$
([4] ) W\pm (wave operators)
$W_{\pm}=s- \lim_{tarrow\pm\infty}U(-t)J_{\psi}U_{0}(t)$
$\psi\in C^{\infty}(\mathbb{R}^{3})$ $0\leq\psi\leq 1,$ $|\mathrm{x}|>$ +4/3
$\psi(\mathrm{x})=1,$ $|\mathrm{x}|<R_{0}+1$ $\psi(\mathrm{x})=0$ $J_{\psi}\mathrm{f}\sim={}^{t}(\psi \mathrm{f}_{1}, \psi \mathrm{f}_{\mathit{2}})$
. $W_{\pm}\in B(H_{0}, H)$ unitary $U(t)W_{\pm}=W_{\pm}U_{0}(t)$ $T^{\pm}$
$\{U(t)\}$ $T^{\pm}$ outgoing (incoming)
(i) $U(t)D_{\pm}\subset D_{\pm},$ $(\pm\forall t>0)$ , $( \mathrm{i}\mathrm{i})\bigcap_{t\in \mathrm{R}}U(t)D_{\pm}=\{0\}$ ,
(iii) $\bigcup_{t\in \mathrm{R}}U(t)D^{\pm}$ $H$ ,
$D_{+}\subset H(D_{-}\subset H)$ $D_{\pm}=W_{\pm}(D_{\pm}^{0})$ $D_{\pm}^{0}$
$T_{0}$ outgoing (incoming)
3
$Fk( \sigma)=\int_{\mathrm{R}}e^{-:s\sigma}k(s)ds$ $k\in L^{\mathit{2}}(\mathbb{R};N)$ Fourier $\mathcal{T}_{0}=F^{-1}T_{0}$ ,
$\mathcal{T}^{\pm}=F^{-1}T^{\pm}$ $\{U_{0}(t)\},$ $\{U(t)\}$
$\mathcal{T}^{\pm}\in B(H, L^{2}(\mathbb{R};N))$ $||\mathcal{T}\mathrm{f}||_{L^{2}(\mathrm{R};N)}^{\mathit{2}}\sim=4(2\pi)||^{arrow}\mathrm{f}||_{H}^{\mathit{2}}$
$t(U(t)\mathrm{f})(\sigma)\sim=e^{i\sigma t}\mathcal{T}^{\pm_{\mathrm{f}(\sigma)}^{arrow}}$ $(^{\forall}\sigma\in \mathbb{R}^{\forall_{\mathrm{f}}^{\sim}},\in H)$
($T_{0}$ $H,$ $U(t)$ $H_{0},$ $U_{0}(t)$ )
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$\mathcal{T}_{0}={}^{t}(\mathcal{T}_{0,P}, \mathcal{T}0,sv, \mathcal{T}0,svo, \mathcal{T}_{0,SH}, \mathcal{T}_{0,R})$
$(\mathcal{T}_{0,\alpha}\mathrm{f})(\sigma, \omega)=-2(2\pi)^{-1}\rho_{0}^{-1/2}c_{\alpha}^{-3/2}(\mathrm{f}\Psi_{0}^{\alpha}(\cdot;\sigma,\omega))_{H\mathrm{o}}\sim\sim,$,
$(^{\forall_{\mathrm{f}\in \mathcal{Y}_{4},\sigma\in \mathbb{R},\omega\in S_{\alpha}^{2}}^{arrow 0\forall\forall}} (^{\forall}\alpha\in\Lambda))$
@ $csv=c_{SVO}=\mathrm{c}_{SH}=cs$ $0<c_{R}(<cs<c_{P})$ Rayleigh
$\mathcal{Y}_{s_{0}}^{0}=\{\mathrm{f}={}^{t}(\mathrm{f}_{1},\mathrm{f}_{\mathit{2}});arrow\langle\cdot\rangle^{s\mathrm{o}}\mathrm{f}_{1}(\cdot)\in H^{1}(\mathbb{R}_{+}^{3}), \langle\cdot\rangle^{s\mathrm{o}}\mathrm{f}_{2}\in \mathcal{H}_{0}\}$ , $\langle \mathrm{x}\rangle=(1+|\mathrm{x}|^{2})^{1/2}$,
$\Psi_{0}^{\alpha}(\mathrm{x};\sigma,\omega)={}^{t}(\phi_{0}^{\alpha}(\mathrm{x};-\sigma,\omega),\mathrm{i}\sigma\phi_{0}^{\alpha}(\mathrm{x};-\sigma,\omega))$
$\phi_{0}^{\alpha}(\mathrm{x};\sigma,\omega)(\alpha\in\Lambda)$ –
( [3] ) $\phi_{0}^{R}(\mathrm{x};\sigma, ()$ Rayleigh
$\phi_{0}^{R}(\mathrm{x};\sigma, \zeta)=\sqrt{2\pi\rho_{0}}C_{0}^{R}e^{i\sigma c_{R}^{-1}\zeta\cdot \mathrm{x}’}\sum_{j=1}^{\mathit{2}}C_{j}^{R}e^{-|\sigma|\mathrm{c}_{R}^{-1}\xi_{R}^{(\mathrm{j})}x\mathrm{s}}\mathrm{a}_{R}^{(j)}(\sigma, \zeta)$
$\xi_{R}^{(1)}=\sqrt{1-(c_{R}/c_{P})^{\mathit{2}}},$ $\xi_{R}^{(2)}=\sqrt{1-(c_{R}/cs)^{2}},$ $C_{1}^{R}=2-(c_{R}/c_{S})^{\mathit{2}}$,
$C_{2}^{R}=-2\xi_{R}^{(1)},$ $\mathrm{a}_{R}^{(1)}(\sigma, \zeta)={}^{t}(\zeta, \frac{:\sigma}{|\sigma|}\xi_{R}^{(1)}),$ $\mathrm{a}_{R}^{(\mathit{2})}(\sigma, \zeta)={}^{t}(\xi_{R}^{(2)}\zeta, \frac{i\sigma}{|\sigma|})$ $C_{0}^{R}>0$
$| \sigma|(2\pi\rho_{0}c_{R})^{-1}\int_{0}^{\infty}|\phi_{0}^{R}(x;\sigma, \zeta)|^{2}dx_{3}=1$ $c_{P},$ $c_{S},$ $\mathrm{c}_{R}$
\alpha \in \Lambda ’=A\{R}
$\phi_{0}^{\alpha}(\mathrm{x};\sigma,\omega)=\phi_{0}^{\alpha,i}(x;\sigma,\omega)+\phi_{0}^{\alpha}’{}^{t}(\mathrm{x};\sigma,\omega)(\phi_{0}^{\alpha,i}(\mathrm{x};\sigma, \omega)$ $\phi_{0}^{\alpha}’{}^{t}(\mathrm{x};\sigma,\omega)$
) $\phi_{0}^{SVO}(x;\sigma, \omega)$ $\phi_{0}^{P}(\mathrm{x};\sigma, \omega)$ ,
$\phi_{0}^{SV}(\mathrm{x};\sigma,\omega),$ $\phi_{0}^{SH}(\mathrm{x};\sigma, \omega)$ $\phi_{0}^{\alpha,i}=\phi_{0}^{\alpha,i}(\mathrm{x};\sigma,\omega)(\alpha\in$
$\Lambda’,$ $\sigma\in \mathbb{R},\omega\in S_{\alpha}^{2})$
$\phi_{0}^{P,i}(\mathrm{x};\sigma,\omega)$ $=e^{i\sigma c_{P}^{-1}\dot{\omega}\cdot \mathrm{x}}\mathrm{a}_{P}(\check{\omega}),$
$\phi_{0}^{SVO,i}(\mathrm{x};\sigma,\omega)=\frac{\Delta_{+}^{SVO}(\sigma,\omega)}{\Delta^{SVO}(\omega)}e^{i\sigma \mathrm{c}_{\overline{s}^{1}}\check{\omega}\cdot \mathrm{x}}\mathrm{a}_{SV}(\check{\omega})$ ,
$\phi_{0}^{SV,i}(\mathrm{x};\sigma,\omega)$ $=e^{i\sigma c_{\overline{s}^{1}}\check{\omega}\cdot \mathrm{x}}\mathrm{a}_{SV}(\check{\omega})$ , $\phi_{0}^{SH,\dot{\iota}}(\mathrm{x};\sigma,\omega)=e^{i\sigma \mathrm{c}_{\overline{S}}\check{\omega}\cdot \mathrm{x}}\mathrm{a}_{SH}(\check{\omega})1$
$\check{\omega}={}^{t}(\omega_{1},\omega_{2}, -\omega_{3}),$ $\omega’={}^{t}(\omega_{1}, \omega_{\mathit{2}}),$ $\mathrm{a}_{P}(\xi)=\xi={}^{t}(\xi’, \xi_{3}),$ $\mathrm{a}_{SV}(\xi)=$
${}^{t}(- \frac{\xi_{3}}{|\xi|},\xi^{l}, |\xi’|),$ $\mathrm{a}_{SH}(\xi)=\frac{1}{|\xi|},{}^{t}(-\xi_{\mathit{2}}, \xi_{1},0)$ ,





$=$ $- \frac{\Delta_{-}^{P}(\omega)}{\Delta_{+}^{P}(\omega)}e^{i\sigma c_{P}^{-\iota}\omega\cdot \mathrm{x}}\mathrm{a}_{P}(\omega)-\frac{\tilde{\Delta}^{P}(\omega)}{\Delta_{+}^{P}(\omega)}e^{i\sigma \mathrm{c}_{\overline{s}^{1}}\xi^{P}(\omega)\prime \mathrm{x}}\mathrm{a}_{SV}(\xi^{P}(\omega))$ ,
$\phi_{0}^{SV,t}(.\mathrm{x};\sigma,\omega)$ $=$
$- \frac{\tilde{\Delta}^{SV}(\omega)}{\Delta_{+}^{SV}(\omega)}e^{1\sigma c_{P}^{-1}\xi^{SV}(\omega)\cdot \mathrm{x}}\mathrm{a}_{P}(\xi^{SV}(\omega))-\frac{\Delta^{SV}(\omega)}{\Delta_{+}^{SV}-(_{--}\omega)},$ $e^{i\sigma c_{\overline{S}^{1}}\omega\cdot \mathrm{x}}\mathrm{a}_{SV}(\omega)$ ,
$\phi_{0}^{SH,\tau}(\mathrm{x};\sigma,\omega)$ $=e^{1\sigma \mathrm{c}_{\overline{S}^{1}}\omega\cdot \mathrm{x}}\mathrm{a}_{SH}(\omega)$ ,
$\phi_{0}^{SVO}’{}^{t}(\mathrm{x};\sigma,\omega)$ $=$ $- \frac{\tilde{\Delta}^{SVO}(\omega)}{\Delta^{SVO}(\omega)}e^{\dot{\mathrm{w}}c_{\overline{S}^{1}}\omega’\cdot \mathrm{x}’}e^{-|\sigma|\mathrm{c}_{P}^{-1}\eta(\{v)x_{S}}\mathrm{a}_{P}(\xi^{SVO}(\sigma,\omega))$
$- \frac{\Delta^{SVO}(\sigma,\omega)}{\Delta^{SVO}(\omega)}e^{i\sigma c_{\overline{s}^{1}}\omega\cdot \mathrm{x}}\mathrm{a}_{SV}(\omega)$ ,
$\mathrm{t}\mathrm{g}\text{ _{}\mathrm{x}’={}^{t}(x_{1},x_{\mathit{2}}),\xi^{P}(\omega)=^{t}(_{\tilde{\mathrm{c}}_{P}}^{\mathrm{c}}}s_{\omega’,\xi_{3}^{P}(\omega)),\xi^{SV}(\omega)=^{t}(_{s}}\frac{\mathrm{c}}{\mathrm{c}}z_{\omega’,\xi_{3}^{SV}(\omega)),\xi^{SVO}(\sigma,\omega)=}$
$t(_{s} \frac{c}{\mathrm{c}}R\omega’,\frac{i\sigma}{|\sigma|}\eta(\omega)),\xi_{3}^{P}(\omega)=\sqrt{1-(_{\mathrm{c}_{P}}^{\mathrm{c}}z)^{2}|\omega|^{\mathit{2}}},\xi_{3}^{sV}(\omega)=\sqrt{1-(_{\mathrm{c}_{S}}^{\mathrm{c}_{R}})^{\mathit{2}}|\omega|^{\mathit{2}}}$ ,
$\Delta_{\pm}^{P}(\omega)$ $=$ $( \frac{c_{P}}{c_{S}})^{\mathit{2}}(1-2(\frac{c_{S}}{c_{P}})^{2}|\omega’|^{2})^{\mathit{2}}\pm 4\frac{c_{S}}{c_{P}}|\omega’|^{\mathit{2}}\omega_{3}\xi_{3}^{P}(\omega)$ ,
$\Delta_{\pm}^{SV}(\omega)$ $=$ $( \frac{c_{P}}{c_{S}})^{\mathit{2}}(1-2|\omega’|^{\mathit{2}})^{\mathit{2}}\pm 4\frac{c_{P}}{c_{S}}|\omega’.|^{\mathit{2}}\omega_{3}\xi_{3}^{SV}(\omega)$ ,
$\tilde{\Delta}^{P}(\omega)$ $=$ $\frac{4c_{S}}{c_{P}}\omega_{3}|\omega^{j}|((\frac{c_{P}}{c_{S}})^{2}-2|\omega’|^{2})$ , $\overline{\Delta}^{SV}(\omega)=\tilde{\Delta}^{SVO}(\omega)=-\frac{4c_{P}}{c_{S}}\omega_{3}|\omega’|(1-2|\omega’|^{\mathit{2}})$
$\mathcal{T}^{\pm}$ (11) – $\phi_{\pm}^{\alpha}(\mathrm{x};\sigma,\omega)$
$\phi_{\pm}^{\alpha}(\mathrm{x};\sigma,\omega)$
(3.1)
(3.1) outgoing ( $\text{ }$ incoming) condition
$\mathrm{r}_{\sigma}\in \mathbb{R}$ O\subset C $\phi_{\pm}^{\alpha}(\mathrm{x};\sigma,\omega)-\phi_{0}^{\alpha}(\mathrm{x};\sigma,\omega)$ $\{z\in O;\pm{\rm Im} z<$
$0\}$ ( ) H2(\Omega \cap (B +2)C)-
[5] $z\in \mathbb{R}\backslash \{0\}$
$\{$
$(-(\rho(\mathrm{x}))^{-1}A(\mathrm{x}, \partial_{\mathrm{X}})-z^{\mathit{2}})\mathrm{v}(\mathrm{x};z)=\mathrm{f}(\mathrm{x})$ in $\Omega$ ,
$N(\mathrm{x}, \partial_{\mathrm{x}})\mathrm{v}(\mathrm{x};z)=\mathrm{g}(\mathrm{x})$ on $\theta\Omega$




T\pm =t( , $7_{SV}$ , $\mathcal{T}_{SVO}^{\pm},$ $\mathcal{T}_{SH}^{\pm}$ , ) ([4] )
3.1 $\mathrm{f}arrow\in y_{4}$ $\alpha\in\Lambda$
$(\mathcal{T}_{\alpha}^{\pm}\mathrm{f})(\sigma, \omega)=-2(2\pi)^{-1}\rho_{0}^{-1/2}c_{\alpha}^{-3/2}(\mathrm{f}\Psi_{\pm}^{\alpha}(\cdot;\sigma,\omega))_{H}\veearrow,$ $(\sigma\in \mathbb{R},\omega\in S_{\alpha}^{2})$ ,
$\mathcal{Y}_{\epsilon_{0}}=\{\mathrm{f}\sim={}^{t}(\mathrm{f}_{1}, \mathrm{f}_{2}) ;\langle\cdot\rangle^{s_{0}}\mathrm{f}_{1}(\cdot)\in H^{1}(\Omega), \langle\cdot\rangle^{s\mathrm{o}}\mathrm{f}_{2}\in \mathcal{H}\}$
$\Psi_{\pm}^{\alpha}(\mathrm{x};\sigma,\omega)=$
${}^{t}(\phi_{\pm}^{\alpha}(\mathrm{x};-\sigma,\omega),$ $i\sigma\phi_{\pm}^{\alpha}(\mathrm{x};-\sigma,\omega))$
31 $\mathcal{T}^{\pm}$ – ( (1.1) )
4 Fourier
Majda [8] $\mathbb{R}^{n}\backslash \mathcal{O}$ Dirichlet
$\delta(t-\mathrm{x}\cdot\omega)$ $w_{+}(t,x;\omega)_{\text{ }}$
(4.1) $\{$
$(\partial_{t}^{2}-\triangle)w_{+}(t, \mathrm{x};\omega)=0$ in $\mathrm{R}\cross(\mathrm{R}^{n}\backslash O)$ ,
$w_{+}(t,\mathrm{x};\omega)=-\delta(t-\mathrm{x}\cdot\omega)$ on $\mathrm{R}\cross\partial(\mathbb{R}^{n}\backslash O)$,
$t<0$ $w_{+}(t, \mathrm{x};\omega)=0$
’(41)
\mbox{\boldmath $\delta$}(t--x. \mbox{\boldmath $\omega$}) Rn \triangle $=$
$\sum_{j=1}^{n}\partial_{x_{\mathrm{j}}}^{\mathit{2}}$ – $e^{i\sigma\omega\cdot \mathrm{x}}$ ( ) Fourier $w_{+}(t, \mathrm{x};\omega)$
$\phi_{+}(\mathrm{x}, \sigma;\omega)-e^{i\sigma\omega\cdot \mathrm{x}}$ ( ) Fourier $\phi_{+}(x,\sigma;\omega)$ outgoing condi-
tion – Dirichlet
(3.1) outgoing condition
(11) (\S 5, 51 ) \S 3
$\phi_{\pm}^{\alpha}(\mathrm{x};-\sigma, \omega)$ ( ) Fourier















$. \mathrm{w}_{0}^{R}(t,\mathrm{x};\omega)=\sqrt{2\pi\rho_{0}}C_{R}^{0}\sum_{j=1}^{\mathit{2}}\{C_{j,R}^{(1)}K_{R,j}^{+}(t,\mathrm{x};\omega)+C_{j,R}^{(2)}\prime K_{Ri}^{-}(t,\mathrm{x};\omega)\}$ ,
. $K_{S}^{\pm}(t,\mathrm{x};\omega)=\pi^{-1}X_{S}^{\pm}\{(X_{S}^{+})^{\mathit{2}}+(X_{S})^{2}\},$ $X_{S}^{+}=c_{P}^{-1}\eta(\omega)x_{3},$ $X_{S}=\mathrm{c}_{\overline{s}^{1}}\omega’\cdot \mathrm{x}’-s$ ,
$\eta(\omega)=\sqrt{(c_{P}c_{\overline{s}^{1}}\omega’)^{\mathit{2}}-1}(\omega={}^{t}\omega’,\omega_{3})\in S_{SVO}^{\mathit{2}})$
$K_{R_{\dot{\theta}}}^{\pm}(t,\mathrm{x};\omega)=\pi^{-\mathrm{I}}\mathrm{X}_{R,j}^{\pm}(0\mathrm{X}_{R_{\dot{\theta}}}^{+})^{2}+$
$(X_{R_{\dot{\theta}}}^{-})^{\mathit{2}})^{-1},$ $X_{\infty}^{+}=c_{R}^{-1}\xi_{R}^{0)}x_{\theta},$ $X_{Ri}^{-}=c_{R}^{-1}\omega\cdot \mathrm{x}’-t(\omega\in S_{R}^{2}=S^{1})$
$\mathrm{w}_{\pm,tot}^{\alpha}(t,\mathrm{x};\omega)$ (3.1) Fourier
(4.2) $\{$ $(\rho(\mathrm{x})\partial_{t}^{2}-A(x, \partial_{\mathrm{x}}))\mathrm{w}_{\pm,tot}^{\alpha}(t,\mathrm{x}; \omega)=0$ in $\mathrm{R}\mathrm{x}\Omega$ ,
$N(\mathrm{x}, \partial_{\mathrm{x}})\mathrm{w}_{\pm,tot}^{\alpha}(t,\mathrm{x};\omega)=0$ on $\mathbb{R}\mathrm{x}\partial\Omega$ .
(3.1) outgoing ( incoming) condition
$\mathrm{w}_{\pm,tot}^{\alpha}(t,\mathrm{x};\omega)$
(4.3) $\mathrm{w}_{\pm,tot}^{\alpha}(t,\mathrm{x};\omega)=\psi(x)\mathrm{w}_{0}^{\alpha}(t,\mathrm{x};\omega)$ +w $(t,\mathrm{x};\omega)$
$\psi$ \S 2 (4.2) :(t, $\mathrm{x};\omega$ )
$\{$
$(\partial_{t}^{\mathit{2}}-(\rho(\mathrm{x}))^{-1}A(\mathrm{x}, \partial_{\mathrm{x}}))\tilde{\mathrm{w}}_{\pm}^{\alpha}(t, \mathrm{x};\omega)=\mathrm{q}^{\alpha}(t, x;\omega)$ in $\mathrm{R}\mathrm{x}\Omega$ ,
$N(.\mathrm{x}, \partial_{\mathrm{x}})\tilde{\mathrm{w}}_{\pm}^{\alpha}(t,\mathrm{x};\omega)=\mathrm{m}^{\alpha}(t,\mathrm{x};\omega)$ on $\mathrm{R}\mathrm{x}\partial\Omega$ .
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$\mathrm{q}^{\alpha}(t, \mathrm{x};\omega),$ $\mathrm{m}^{\alpha}(t, \mathrm{x};\omega)$
(4.4) $\{$
$\mathrm{q}^{\alpha}(t, \mathrm{x};\omega)$ $=$ $\rho_{0}^{-1}[A_{0}(\partial_{\mathrm{x}}), \psi]\mathrm{w}_{0}^{\alpha}(t, \mathrm{x};\omega)$ ,
$\mathrm{m}^{\alpha}(t, \mathrm{x};\omega)$ $=$ $-(N_{0}(\partial_{\mathrm{x}})\psi)(\mathrm{x})\mathrm{w}_{0}^{\alpha}(t,\mathrm{x};\omega)$ .
\alpha =P, SV, SH




$\mp t<-T_{0}$ $\mathrm{w}_{\pm,tot}^{\alpha}(t, \mathrm{x};\omega)-\psi(\mathrm{x})\mathrm{w}_{0}^{\alpha}(t, \mathrm{x};\omega)=0$
Payley-Wiener –
\alpha =SVO, R Rayleigh
$\mathrm{q}^{\alpha}(t, \mathrm{x};\omega)=O(t^{-1}),$ $\mathrm{m}^{\alpha}(t, \mathrm{x};\omega)=O(t^{-1})$ (4.5)
$\text{ _{}\pm}^{\alpha}(t, \mathrm{x};\omega)$
([4] )
41 $\mathrm{w}_{+}(t, \mathrm{x})$ ( $\mathrm{w}_{-}(t,$ $\mathrm{x})$) $(+)$ - ( (-)- )
$T_{0}>0$ $\mathrm{w}_{\pm}\in C^{\infty\infty}(I_{T_{0}}^{\pm}; \dot{H}^{\infty}(\Omega)),$ $\partial_{t}\mathrm{w}_{\pm}\in C^{\infty\infty}(I_{T_{0}}^{\pm};H^{\infty}(\Omega))$ (
$I_{T_{0}}^{+}=(-\infty, -T_{0}],$ $I_{T_{0}}^{-}=[T_{0}, \infty))$
$\lim_{tarrow\mp\infty}||^{t}(\mathrm{w}_{\pm}(t, \cdot),$ $\partial_{t^{\mathrm{W}}\pm}(t, \cdot))||_{H}=0$
4.1 (4.5) (4.5) 41
(\pm )- $\alpha=SVO,$ $R$ (4.5) $(\pm)$- $\mathrm{w}_{\pm,tot}^{\alpha}(t,\mathrm{x};\omega)$
42 $\alpha\in\Lambda$ (4.2) :(t, $\mathrm{x};\omega$ ) $\in C^{\infty}(\overline{\Omega};S’(\mathbb{R}_{t}))$ (\pm )-
– w\tilde :(t,x;\mbox{\boldmath $\omega$}) ,tot(t, x;\mbox{\boldmath $\omega$})
$\mathrm{w}_{\pm,tot}^{\alpha}\in C^{\infty}(\overline{\Omega};S’(\mathbb{R}_{t}))$
$\int_{\mathrm{R}}e^{-:\sigma t}\mathrm{w}_{\pm,tot}^{\alpha}(t, \mathrm{x};\omega)dt=\phi_{\mp}^{\alpha}(\mathrm{x};-\sigma, \omega)$
4.2
42 [4] \S 5
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5Lax and Phillips [61 $S$ \S 2 $T^{\pm}$
$S=T^{+}T^{-1}$ $S\in B(L^{2}(\mathbb{R};N))$
$Sk={}^{t}((Sk)_{P}, (Sk)_{SV},$ $\cdots,$
$(Sk)_{R})={}^{t}( \sum_{\beta\in\Lambda}S_{P\beta}k_{\beta}, \cdots, \sum_{\beta\in\Lambda}S_{R\beta}k_{\beta})$
,
$(^{\forall}k={}^{t}(k_{P}, k_{SV}, \cdots, k_{R})\in L^{2}(\mathbb{R};N))$
$S_{a\beta}$ $S_{\alpha\beta}\in B(L^{2}(\mathbb{R};L^{2}(S_{\beta}^{2})), L^{2}(\mathbb{R};L^{2}(S_{\alpha}^{2})))$
$S_{\alpha\beta}(s, \theta,\omega)\in C(S_{\alpha}^{\mathit{2}}\cross S_{\beta}^{2}arrow S’(\mathbb{R}_{\sigma}))$
$S_{\alpha\beta}k_{\beta}(s, \theta)=\delta_{\alpha\beta}k_{\beta}(s, \theta)+\int_{\mathrm{R}\mathrm{x}S_{\beta}^{2}}S_{\alpha\beta}(s-s’, \theta,\omega)k_{\beta}(s’,\omega)ds’dS_{\omega}$
$S(s, \theta,\omega)=(S_{\alpha\beta}(s, \theta,\omega))_{\alpha\beta\in\Lambda}$
\S 4 $\mathrm{w}_{0}^{\alpha}(t, \mathrm{x};\omega)$ $\mathrm{w}_{\pm,tot}^{\alpha}(t, \mathrm{x};\omega)$
51 $S_{\alpha\beta}(s, \theta,\omega)(\alpha,\beta\in\Lambda)$





$\tilde{N}_{0}(\partial_{\mathrm{y}})$ $\partial \mathbb{R}_{+}^{3}$ $\tilde{N}_{0}(\partial_{\mathrm{y}})=N_{0}(\partial_{\mathrm{y}}),$ $\partial\Omega$
$\tilde{N}_{0}(\partial_{\mathrm{y}})\mathrm{u}=\sum_{1i=1}^{3}$.
$\mathrm{v}_{\mathrm{S}}(\mathrm{y})a_{j}^{0}.\cdot\partial_{y_{\dot{f}}}\mathrm{u}$ a $={}^{t}(a_{1}, a_{2}, a_{3}),$ $\mathrm{b}={}^{t}(b_{1}, b_{\mathit{2}}, b_{3})\in \mathbb{C}^{3}$
$\mathrm{a}\cdot \mathrm{b}=\sum_{j=1}^{3}$ ajbj o $\mathrm{w}_{+}^{\alpha}(t, \mathrm{x};\omega)=\mathrm{w}_{+,tot}^{\alpha}(t, \mathrm{x};\omega)-\mathrm{w}_{0}^{\alpha}(t, x;\omega)$
5.2 (1) $\epsilon>0$ $0<\delta<1/2$ $(1+t^{\mathit{2}})^{-(1+\delta)/2}\partial_{\mathrm{x}}^{\gamma}\mathrm{w}_{+}^{\beta}\in C(\overline{\Omega}\cross S_{\beta}^{2}arrow$
$H^{-|\gamma|-3}(\mathbb{R}_{t}))$ $(1+t^{2})^{(1+\delta)/\mathit{2}}\partial_{\epsilon}\partial_{\mathrm{x}}^{\gamma}\mathrm{w}_{0}^{\beta}\in C(\overline{\mathbb{R}_{+}^{3}}\cross S_{\beta}^{\mathit{2}}arrow H^{-3/2-\epsilon-|\gamma|(\mathbb{R}_{t}))}$
$\tilde{S}_{\alpha\beta}$ $s’$ well-d4nd
112
(2) Majda ($n$ ) $c_{n}=2(-2\pi i)^{1-n}$
$S(s, \theta, \omega)=c_{n}\int_{\partial\Omega}\{(\partial_{t}\partial_{\nu_{\mathrm{y}}}w_{+})(\theta\cdot \mathrm{x}-s, \mathrm{y};\omega)-\theta\cdot\nu(\partial_{t}^{2}w_{+})(\theta\cdot \mathrm{x}-s,\mathrm{y};\omega)\}dS_{\mathrm{y}}$
5 $\int_{\mathrm{N}}(\partial_{s}^{k},\delta(s’-\theta\cdot \mathrm{x}))\mathrm{f}(s’-$




5.1 X Majda[8] Soga[11],
[12]
Fourier S=F-lSF S –
Lax and Phillips [6], [7]
( [2] )
\S 3 $\{U(t)\}$ $\mathcal{T}^{\pm}$ $S=\mathcal{T}^{+}(\mathcal{T}^{-})^{-1}$
$S\in B(L^{\mathit{2}}(\mathbb{R};N))$ unitary $\mathbb{R}$
$\phi$ $k\in L^{\mathit{2}}(\mathbb{R};N)$ $S(\phi(\sigma)k(\sigma))=\phi(\sigma)Sk(\sigma)$
Lax and Phillips [6], Chap. II, Corollary 4.2 $\sigma\in \mathbb{R}$
unitary $\sigma\in \mathbb{R}$ $B(N)$- $S(\sigma)$ $k\in L^{\mathit{2}}(\mathbb{R};N)$




$\mathbb{R}$ $B$ ( $L^{2}(S_{\beta}^{\mathit{2}})$ , L2(S\alpha 2))-
$S_{\alpha\beta}(\sigma)$ $S_{\alpha\beta}k_{\beta}(\sigma, \theta)=(S_{\alpha\beta}(\sigma)k_{\beta}(\sigma, \cdot))(\theta)$ . $S(\sigma)$
$5\cross 5$ $(S_{\alpha\beta}(\sigma))$
5.3 $S_{\alpha\beta}(\sigma)(\alpha, \beta\in\Lambda)$
$(S_{\alpha\beta}( \sigma)k_{\beta}(\sigma, \cdot))(\theta)=\delta_{\alpha\beta}k_{\beta}(\sigma, \theta)+\int_{S_{\beta}^{2}}K_{\alpha\beta}(\sigma, \theta,\omega)k_{\beta}(\sigma, \omega)dS_{\omega}$ $a.e$ . $\sigma\in \mathbb{R},$ $\theta\in S_{\alpha}^{\mathit{2}}$
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( $k_{\beta}\in C_{0}^{\infty}(\mathbb{R};L^{2}(S_{\beta}^{2}))$ )










(i) $D_{a\beta}(\sigma, \theta, \omega)(\alpha, \beta\in\Lambda)$ $k={}^{t}(k_{P}, \cdots, k_{R})\in C_{0}^{\infty}(\mathbb{R};N)$
$(\sigma, \theta)\in \mathbb{R}\cross S_{\alpha}^{2}$
$[(S( \sigma))^{*}k(\sigma, \cdot)]_{\alpha}(\theta)=k_{\alpha}(\sigma, \theta)+\sum_{\beta\in\Lambda}\int_{S_{\beta}^{2}}D_{\alpha\beta}(\sigma, \theta,\omega)k_{\beta}(\sigma,\omega)dS_{\omega}$
(ii) $D_{\alpha\beta}(\sigma, \theta,\omega)(\alpha, \beta\in\Lambda)$
$\varphi^{\alpha}(x;\sigma, \theta)=0$ ( $\sigma\in \mathbb{R},$ $\theta\in S_{\alpha}^{2},$ $\alpha\in\Lambda$ ).
$\varphi^{\alpha}(x;\sigma, \theta)$ $D_{\alpha\beta}(\sigma, \theta, \omega)$





– ( 3.1) 54
54 (ii) 53
5.5 $D_{\alpha\beta}(\sigma, \theta, \omega)$ $D_{\alpha\beta}(\sigma, \theta, \omega)=\overline{K_{\beta a}(\sigma,\omega,\theta)}$ $x\in\Omega$ ,
$\sigma\in \mathbb{R}\backslash \{0\},$ $\omega\in S_{\alpha}^{2},$ $\alpha\in\Lambda$ $\varphi^{\alpha}(\mathrm{x};\sigma, \theta)=0$
55 54 (ii) 54 (i)
$[(S( \sigma))k(\sigma, \cdot)]_{\alpha}(\theta)=k_{\alpha}(\sigma, \theta)+\sum_{\beta\in\Lambda}\int_{S_{\beta}^{2}}\overline{D_{\beta\alpha}(\sigma,\omega,\theta)}k_{\beta}(\sigma,\omega)dS_{\omega}$.
53 55
5.5 $\varphi^{\alpha}(x;\sigma, \theta)$ (3.1) outgoing condition
55 $D_{\alpha\beta}(\sigma, \theta, \omega)=\overline{K_{\beta\alpha}(\sigma,\omega,\theta)}$
$\varphi^{\alpha}(\mathrm{x};\sigma, \theta)$ incoming
outgoing incoming G\pm (x, y;z)
$G^{+}(\mathrm{x}, \mathrm{y};z)-G^{-}(\mathrm{x}, \mathrm{y};z)$ outgoing( incom-
ing) $G^{+}(\mathrm{x}, \mathrm{y};z)$ , ( $G^{-}(\mathrm{x},$ $\mathrm{y};z)$ ) $\mathrm{f}$
(5.1) $\{$
$(-A_{0}(\partial_{\mathrm{x}})-z^{\mathit{2}})\mathrm{v}^{\pm}(\mathrm{x};z)=\mathrm{f}(\mathrm{x})$ in $\mathbb{R}_{+}^{3}$ ,
$N_{0}(\partial_{\mathrm{x}})\mathrm{v}^{\pm}(x;z)=0$ on $\partial \mathbb{R}_{+}^{3}$ ,
$\mathrm{v}^{\pm}(\cdot;z)\in L^{2}(\Omega)$ $\mathrm{f}\mathrm{o}\mathrm{r}\pm{\rm Im} z<0$










Lax and Phillips [7]
([7] G. Schmidt [10] )
G\pm (x, y;z) Fourier
Poisson
([2] ) G\pm (x, y;z)
– –
Fourier
$A_{0}$ $-\triangle$ $L^{\mathit{2}}(\mathbb{R}^{n})$ $\{\Pi_{0}(\lambda)\}$ $A_{0}$
Stone
(5.3) $\Pi_{0}(\lambda)=s-\lim_{\epsilon\downarrow 0}\frac{1}{2\pi i}\int_{0}^{\sqrt{\lambda}}2\sigma\{(A_{0}-(\sigma+i\epsilon)^{\mathit{2}})^{-1}-(A_{0}-(\sigma-i\epsilon)^{2})^{-1}\}d\sigma$,
( $A_{\mathit{0}}\geq 0$ $\lambda<0$ $\Pi_{0}(\lambda)=0\text{ }$ ). ( $(\sigma)f$ ) $( \omega)=\int_{\mathrm{R}^{n}}e^{-1\sigma\omega\cdot \mathrm{x}}$
f(x)dx ei\mbox{\boldmath $\sigma$}\mbox{\boldmath $\omega$}X A0 –
Fourier f\leftrightarrow (\mbox{\boldmath $\sigma$})f Fourier
L2(Rn)\ni f\mapsto (2\mbox{\boldmath $\pi$})-n/2\mbox{\boldmath $\sigma$}(n-1)/2 $(\sigma)f\in L^{2}([0,\infty)_{)}.L^{2}(S^{n-1}))$
unitary $A_{0}$ ( Fourier
)
(5.4) $( \Pi_{0}(\beta)f,g)_{L^{2}(S^{2})}.=(2\pi)^{-n}\int_{0}^{\sqrt F}(P(\sigma)f, \mathcal{F}^{0}(\sigma)g)_{L^{2}(S^{n-1})}d\sigma$ $(^{\forall}f, g\in L^{\mathit{2}}(\mathbb{R}^{n}))$
$f\in C_{\mathit{0}}^{\infty}(\mathbb{R}^{n})$ $z-\rangle$ $(A_{0}-z^{2})^{-1}f\in C^{\infty}(\mathbb{R}^{n})$ $\pm{\rm Im} z\leq$
$0,$ $z\neq 0$ (5.3), (5.4) $f,g\in C_{0}^{\infty}(\mathbb{R}^{\mathrm{n}})$
$(s- \lim_{\epsilon\downarrow 0}\frac{\sigma}{i\pi}\{(A_{0}-(\sigma+i\epsilon)^{2})^{-1}-(A_{0}-(\sigma-i\epsilon)^{\mathit{2}})^{-1}\}f, g)_{L^{2}(\mathrm{R}^{n})}$
$=(2\pi)^{-\mathrm{n}}(\mathcal{F}^{\triangleleft}(\sigma)f, \mathcal{F}^{0}(\sigma)g)_{L^{2}(S^{n-1})}$








56 (5.1) $G^{\pm}(\mathrm{x}, y;z)$
${}^{t}G^{\pm}(\mathrm{y},\mathrm{x};z)=G^{\pm}(\mathrm{x},\mathrm{y};z)$ in $D’(\mathbb{R}_{+}^{3}\cross \mathbb{R}_{+}^{3}),$ $(^{\forall}z\in\tilde{\mathbb{C}}_{\pm})$ ,




$\mathrm{x},$ $y\in \mathbb{R}_{+}^{l},$ $\sigma\in \mathbb{R}\backslash \{0\}$ $\mathrm{a}\otimes \mathrm{b}(\mathrm{a}, \mathrm{b}\in \mathbb{C}^{3})$ $\mathrm{c}\in \mathbb{C}^{3}$
$(\mathrm{a}\otimes \mathrm{b})\mathrm{c}=(\mathrm{b}\cdot \mathrm{c})\mathrm{a}$ 3 $\cross$ 3-
5.6 $\varphi^{\alpha}(\mathrm{x};\sigma, \theta)$ outgoing condition
[4]
References
[1] M. Ikawa “Scattefing Theory”,(in Japanese) Iwanami Syoten, 1999.
[2] M. Kawashita, $‘ lAnother$ proof of the oepresentation formula of the scattering ker-
$nel$ for the elastic wave equation”, Tsukuba J. Math. 18 (1994), 351-369.
[3] M. Kawashita, W. Kawashita and H. Soga, $‘\ell Relation$ between scattering theories
of the Wilcox and Lax-Phillips types and a concrete construction of the tfanslation
rePresentation”, Comm. P. D. E. 28, (2003), 1437-1470.
[4] M. Kawashita, W. Kawashita and H. Soga, $‘\prime scatte\dot{n}ng$ theofy for the elastic wave
equation in penurbed half-spaces (preprint)
[5] M. Kawashita and W. Kawashita(n\’ee Dan) $‘ {}^{t}Analyticity$ of the resolvent for elastic
waves in a $pe\hslash urbed$ isotropic half space”, to appear in Math. Nachr..
117
[6] P. D. Lax and R. S. Phillips, “Scattering theory”, Academic Press, New York,
1967.
[7] P. D. Lax and R. S. Phillips, “Scattering theory for the acoustic equation in an
even number of space dimensions”, Indiana Univ. Math. J. 22 (1972), 101-134.
[8] A. Majda, $‘ {}^{t}A$ Represetation $fo$rmula for the scattering operator and the inverse
problem for arbitrary bodies”, Comm. Pure Appl. Math. 30 (1977), 165-194.
[9] C. S. Morawetz, “Exponential decay of solutions of the wave equation”, Comm.
Pure Appl. Math. 19 (1966), 439-444.
[10] G. Schmidt, $‘ {}^{t}A$ uniqueness theorem for the equation $(\triangle+V+k^{\mathit{2}})u=0$ and the
representation of the potential scattering operator”, MRC Tech. Sum. Rep. 783
(1967).
[11] H. Soga, “Singularities of the scattering kernel for convex obstacles”, J.Math.
Kyoto Univ. 22 (1983), 729-765.
[12] H. Soga, “Representation of the scattering kemel for the elastic wave equation and
singularities of the back-scattering“, Osaka J. Math. 29 (1992), 809-836.
[13] C. H. Wilcox, “Scattering Theory for the d’Alembert Equation in Exterior Do-
mains”, Lect. Notes in Math., no. 442, Springer, Berlin 1975.
KAWASHITA, MISHIO
DEPARTMENT OF MATHEMATICS, GRADUATE SCHOOL OF SCIENCE, HIROSHIMA UNIVERSITY,
HIGASHI-HIROSHIMA, 739-8526 JAPAN
KAWASHITA, WAKAKO
KAGAMIYAMA 3602-1-303, HIGAS$i\mathrm{I}\mathrm{I}$-HIROSHIMA, 739-0046 JAPAN
SOGA, HIDEO
FAcuLTY OF EDUCATION, IBARAKI UNIVERSITY, MITO, IBARAKI, 310-8512, JAPAN
118
